A number of zinc sulphide phosphors containing cobalt was prepared with various concentrations of additional impurities. Co ++ -ions in both copper and silver activated phosphors produce a characteristic glowcurve, showing three distinct peaks above liquid nitrogen temperature. It was established that the first and probably the second glowpeak is connected with distinct traps, while the third peak is caused by a continuous distribution of traps. Measurements of thermoluminescence spectra as well as investigations of energy storage capacity and temperature dependence of electron capture in traps pointed to a local association of traps and luminescence centres in the case of the first two glowpeaks, whereas electron transfer via the conduction band from traps to separated luminescence centers was assumed for the third peak. An already existing model was used for discussing the experimental results obtained.
Introduction
Regardless of the many various publications in this field so far, it is rather uncleared what physical processes actually take place in the luminescence of zinc sulphide phosphors. A series of different models was proposed which in most cases could only partially be fulfilled by the various experiments 1_4 . Even the uniform luminescence model for zinc sulphide phosphors suggested in 1966 5 , which makes a particularly easy understanding cannot be considered final.
The aim here was to acquire some more knowledge of the various luminescence centres and mechanisms in ZnS. It was of special interest whether an explanation for the thermoluminescence could be found within the framework of existing models.
Experimental
For the thermoluminescence measurements an apparatus developed by ROTHERMEL 6 was used with slight modifications. The arrangement allowed a simultaneous recording of the total luminescence and the thermoluminescence spectra. Glowcurves could also be registered in place of the spectra at various wavelengths. All the measurements were taken at the same photomultiplier voltage, so that given intensities (photocurrents) of the spectrally undistributed (EMI 6256 S)
as well as those of the spectrally distributed glowcurves (EMI 9558 QB, S 20 cathode) are approximately comparable. The phosphors were excited with the UV-part of the spectrum of a high pressure mercury lamp (Schott-filter UG 11) usually to saturation. Fluorescence spectra at different temperatures could also be measured after some simple alterations to the device.
For measurements of the electron paramagnetic resonance (EPR) an AEG 20-X-spectrometer was used.
Pure ZnS was used in preparing the various phosphors. These were accordingly doped with nitrates and chlorides, which were added in the form of highly diluted solutions. In addition 2 mole percent NaCl were added in the same way 7 .
After drying at 120 °C the substance was fired at 1000 °C for an hour in a nitrogen atmosphere. As shown later by ESR measurements (Mn ++ -signals), the result was an almost pure cubic structure 8 For excitation we use 150 kV X-rays, which enables us to register only the fluorescence light which is here very weak, without the participation of the exciting source. The ordinates in Fig. 7 give the in-
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Various experimental results point to the fact that the thermoluminescence mechanism for peaks I, T, and II is different from that for the third peak.
The very low half width could be a result of discrete trap levels. If on the other hand we consider the temperature shift of the peaks with the heating rate shown in Fig. 1 For the moment we will not take the red band into consideration. Although the green band persists in the fluorescence spectrum (Fig. 7) down to liquid air temperature, in thermoluminescence measurements it is observed only in the third glowpeak.
We assume that the green thermoluminescence takes place with the participation of the conduction band, and a coupling between trap levels and the "blue" luminescence centres for peak I, I , and II. For the examination of these assumptions it was desirable to take measurements of thermally stimulated conductivity. These of course can only be carried out if single crystals accordingly doped are available.
We refer here to works of different authors 10 ' 18 who measured thermoluminescence and thermally stimulated conductivity in ZnS crystals, both simul- As expected, the EPR-measurements presented here cannot offer a satisfactory answer to the question about the structure of the thermoluminescence centres, since, as we know, EPR spectra of powders generally give only insufficient informations. The very broad signal (Fig. 8) , which was found at liquid helium temperature, has been attributed by many authors [22] [23] [24] to a Co ++ -ion. Above all, we find paramagnetic centres, the thermal destruction of which is correlated with the thermoluminescence glowcurve, of particular interest. A similar effect had already been found in self-activated ZnS single crystals 25 . The authors found paramagnetic centres with a ^-factor of 2.0182, which were destroyed within 100 to 150 K, this being accompanied by an emission of glowlight. At the same time a sharp relative decrease of the red band was observed. The
